We describe in this paper the synthesis and structural characterization of dimolybdenum and ditungsten were additionally characterized by X-ray crystallography.
In the last two decades the use of very bulky ligands has become an important, widely used strategy in synthetic organometallic chemistry and catalysis [7] . This is doubtless due to the kinetic stabilization that these ligands confer to the reactive low coordination number complexes and intermediates that they may form. In the field of metal-metal bonding, bulky terphenyl [8] , aminopyridinate [9] , amidinate [10], diazadiene [11] , guanidinate [12] , and other ligands [1316] , have attracted considerable attention in recent years ( Fig. 1) . Potentially, these non-labile ligands can replace one or more carboxylate groups in the quadruply bonded [Mo 2 (O 2 CR) 4 ] molecules maintaining their characteristic paddle-wheel-type structure.
Indeed, many bis(carboxylate) bis(amidinate) complexes (Fig. 1, structure c) have been known for many years [2] . Recently, bis(carboxylate) bis(terphenyl) dimolybdenum complexes have been reported too [17] .
Obviously, terphenyls are monodentate ligands, but the flanking aryl ring that positions itself over the other metal atom (structure a in Fig. 1 ) can either participate in a weak MC arene bonding interaction [8, 17] (socalled secondary interaction [8] ) or play a protective role and act as steric guard. 
Results and discussion

Complexes with aminopyridinate ligands
Aminopyridinate ligands were first reported in 1984 by Clegg, Snaith, and co-workers [19] and were subsequently modified by the group of Kempe [20] to provide enhanced steric protection to metal centres.
These researchers [20] and others [21] 2 ], 2, respectively. Thus, mixing the two reactants in a 1:1 molar ratio (Scheme 1) gave compounds 1b and 1c (see Fig. 2 for the labelling scheme employed in this paper), whereas utilization of a slight excess of LiAp' (ca. 2.1 equiv) provided their 2b and 2c counterparts, in all cases in good isolated yields (ca. 5560%). As represented also in Scheme 1, complexes 1 reacted with a second equivalent of the appropriate LiAp' salt to furnish complexes 2.
The newly formed compounds 1 and 2 are yellow or orange crystalline solids, fairly soluble in common organic solvents, including saturated hydrocarbons. They are appreciably reactive toward oxygen and water and must be manipulated and stored under an inert atmosphere (N 2 or Ar). The presence of bridging trifluoroacetate groups is indicated by the observation of characteristic IR bands [22] in the region 1615-1440 cm -1 (see experimental section 3.2) due to  as and  s of the carboxylate groups, as well as others in the proximity of 1200 cm -1 attributed to (CF).
In the 19 F NMR spectrum, complexes 1 exhibit two resonances with chemical shifts -72.6 and -72.9 ppm (data for 1b) and intensity ratio 2:1, in accordance with the formulation proposed in Scheme ligands appears unlikely in view of the steric requirements of the two 2,6-i-Pr 2 -C 6 H 3 substituents. Accordingly, it is possible that the stereoisomer represented in Scheme 1 be accompanied by another trans, trans isomer in which the two N amido and the two N py donor atoms occupy opposite coordination positions.
Indeed the crystals of 2c chosen for the X-ray studies discussed next unequivocally demonstrate the trans-N amido and trans-N py arrangement of the aminopyridinate ligands. We have not pursued the isolation of crystals of the other stereoisomer.
Complexes 1 and 2 have been studied by X-ray crystallography and their molecular structures are represented in Figures 3 and 4 . They all exhibit a paddle-wheel structure and a MoMo bond of length ca.
2.10 Å, which is nearly identical to that found in the parent [Mo 2 (O 2 CCF 3 ) 4 ] (2.09 Å) [22] . In the monopyridinates 1b and 1c (Fig. 3) The coordination environments of the two Mo atoms in the bis(aminopyridinate) complex 2b are identical and contain trans N amido MoN py arrays. This stereochemistry is the same found for the acetate analogues, [Mo 2 (-Ap') 2 (-O 2 CMe) 2 ], 3, to be discussed later. However, the crystals of 2c investigated present trans N amido MoN amido and N py MoN py distributions (Fig. 4, right) . Whereas there is no significant change in the MoMo bond (2.10 Å) 
3a-3c, in good isolated yields (7590%). Somewhat surprisingly, while complex 3b features solubility properties similar to those of the trifluoroacetate analogues 2, compounds 3a and 3c are sparingly soluble in hydrocarbon and ether solvents (e.g. toluene or THF) and were crystallized by cooling slowly their hot solutions in toluene. The three complexes exhibit comparable NMR properties (see SI) which are in accordance with a trans geometry of C 2h molecular symmetry. Taking compound 3b as a representative example, its two aryl methyl substituents give a 1 H NMR singlet with  2.06 (relative intensity 12 H) and similarly only one septet and two doublets (3.38, 4 H; 1.16 and 1.21, 12 H: 12 H, respectively) are recorded for the iso-propyl substituents of the aryl group bonded to the N amido functionality. Mo (1)Mo (2) (2), 2.095 (2) . An inversion center located at the midpoint of the MoMo bond and a two-fold crystallographic axis along the MoMo bonds are used to generate equivalent atoms for 2b and 2c, respectively.
The three acetate complexes 3 were subjected to X-ray studies. Even if crystals of 4b suitable for an X-ray study could not be obtained, it seems reasonable to propose a structure akin to that of the homologous complex 2b. For structures 3ac, a crystallographic inversion center located at the midpoint of the MoMo bond is used to generate equivalent atoms.
Amidinate Complexes
Recent work from our group has resulted in the structural characterization of bis (amidinate) for these species are similar to those already discussed for the other complexes reported in this paper. They are collected in the SI and need no further analysis. In summary, by the use of bridging aminopyridinate and amidinate ligands, we have prepared several molybdenum and tungsten complexes of general composition [M 2 
that feature quadruple metal-metal bonds. We are currently studying the utility of some of these complexes for the synthesis of low-coordinate dimolybdenum and ditungsten complexes with multiple metal-metal bonds. (2) 10.2292 (2) 12.1372 (3) 1049.82 (4) 109.5150 (10) 94.1570 (10) 107.9920 (10 (5) 12.1888 (5) 12.4422 (6) 1381.45 (11) 89.500 (2) 66.0970 (10) 65.1800 (10 Tensor 27 and for elemental analyses a LECO TruSpec CHN elementary analyzer, was utilized.
Preparation of trifluoroacetate mono-and bis-aminopyridinate dimolybdenum complexes 1 and 2.
Synthesis of [Mo 2 (-O 2 CCF 3 ) 3 {-2-(NDipp)-6-(Xyl)C 5 H 3 N}], (1b).
The °C and 20 mL of diethyl ether was added. The reaction mixture was allowed to reach room temperature with continuous stirring during 12 hours. Then, the solvent was removed under vacuum and the solid residue was extracted with 20 mL of pentane. The filtrate was transferred to a Schlenk tube, concentrated to a volume of ca. 5 mL, and stored at -23 ºC to obtain yellow crystals suitable for X-ray diffraction, which were collected by filtration and dried under vacuum in a ca. 60% yield (430 mg (340 mg, 0.80 mmol) placed in a Young ampoule were prepared in the dry box. The reaction flask was cooled to 20 ºC and 15 mL of diethyl ether was added. The reaction mixture was stirred for 12 hours and was allowed to reach room temperature. The desired product precipitated partially as a yellow solid and the solution was transferred to a Schlenk tube, concentrated, and stored at 23 ºC to obtain a crystalline fraction of complex 1c suitable for X-ray analysis, which was collected by filtration and dried under vacuum in a total yield of 70% (260 mg (321 mg for 2b and 334 mg for 2c) were mixed in a glovebox. The reaction flask was then cooled to 20 °C and diethylther (15 mL) was added. The resulting suspension was stirred for 12 hours, while reaching slowly the room temperature. In both cases, the desired product precipitated partially as a yellow solid. The solution was transferred to a Schlenk tube and was kept in a refrigerator at 23 ºC for 24 hours. Yellow crystals of 2b and 2c suitable for X-ray diffraction separated out and were collected by filtration and dried under vacuum . 2c (mixture of isomers A and B). Anal. 
Synthesis of [Mo 2 (-O 2 CCF 3 ) 2 {-2-(NDipp)-6-(Xyl
Preparation of bis-acetate bis-aminopyridinate dimolybdenum complexes 3.
Synthesis of [Mo 2 (-O 2 CMe) 2 {-2-(NXyl)-6-(Xyl)C 5 H 3 N} 2 ], (3a).
[Mo 2 (O 2 CMe) 4 ] (0.55 g, 1.29 mmol) and {Li(2-NXyl)-6-(Xyl)C 5 H 3 N)} (1.0 g, 2.58 mmol) were placed in an ampoule and dissolved in diethyl ether (15 mL) at 40 ºC. The resulting suspension was stirred for 12 hours allowing to reach slowly the room temperature. The solution was filtered and the solid was washed several times with diethyl ether to give 3a as a yellow-brown solid in a ca. 90% (1.1 g) yield. Crystals suitable for X-ray analysis were obtained by cooling down a hot saturated solution of complex 3a in THF.
108. ), 3.00 (sept, 4H, 3 J HH = 6.7 Hz, 4 CHMe 2 ), 6.08 (br. d, 2H, 3 J HH = 6.2 Hz, 6.26 (br. d, 2H, 3 J HH = 8.7 Hz, 6.72 (m, 6H, 6.81 (m, 2H, 7.18 (m, 6H, C, 41.63; H, 3.94; N, 3.13. Found: C, 41.9; H, 4.4; N, 3. mmol) were mixed in the dry box, the reaction flask was then cooled to 40 °C and 10 mL of THF was added, resulting in a dark orange solution after 2 hours of stirring. The mixture was allowed to reach room temperature with continuous stirring and was further reacted for ca. 12 h, to give an orange-yellow solid that was washed with THF (10 mL) and with pentane (10 mL). The solid was dried under vacuum for 2 hours to obtain 900 mg of the pure product (yield: 70%). The product was crystallized by cooling down a hot saturated solution of complex 6 in toluene to yield yellow crystals suitable for X-ray diffraction. Anal. 
